All of the superlattice array waveguide designs were based on a six-helix DNA origami nanotube described elsewhere.
1 The M13mp18 scaold layout is shown in Figure S1a . The scaold nucleotide position is indicated at each crossover location. The staple strands are arranged into 86 columns and numbered from left to right. A segment of the total nanotube is shown in Figure S1b .
The 1xD1, 1xD2, and 1xT waveguide arrays each consist of single DNA origami nanotubes containing 172 DNA staple strands. The 1xD1 waveguide arrays were designed to have ve AuNP dimers spaced at 70 nm along the nanotube, while the 1xD2 waveguides were designed to have ten individual AuNP dimers spaced at 28 nm along the nanotube. The 1xT waveguide was designed to have ve sets of AuNP trimers spaced at 56 nm along the nanotube. A segment of the 1xD2 waveguide design is shown in Figure S1c . To create sets of independent nanoparticle binding sites, 15 nt long A or B sticky-ends were added to the 3' ends of specic staple strands. As can be seen in Figure S1c , each binding site consists of two sticky-ends of the same sequence separated by 14 nt along the nanotube axis and located on adjacent helicies.
Double Nanotube Designs
The 2xD2 waveguide contained two 1xD2 waveguides laddered by AuNPs, and thus the sequences were the same for both waveguides. The 2xD3 waveguide contains two dierent sixhelix bundle nanotubes that were synthesized separately and were designed to have a total of 18 cross-linking strands at nine locations along the two nanotubes. Two-dimensional segment of the 2xD3 waveguide is shown in Figure S1d . The cross-linking strands are shown in red and green. A two-dimensional and three-dimensional cross-sections of the 2xD3 waveguide are shown in Figure S1e and S1f. The design required the modication of 36 staples from the original six-helix nanotube. The waveguide was designed to have ten individual AuNP dimers spaced at 28 nm along the longitudinal axis. The cross-links from tube 1 to tube 2 were placed starting at column four on tube 1 with a nine column (126 bases) periodicity to column 76. The cross-links from tube 2 to tube 1 were placed starting at column ve on tube 2 with a nine column periodicity to column 77. This design eectively doubled the number of AuNP tethers per binding site from two to four.
DNA Sequences
The complete list of staple strands used to construct the nanotubes is provided in Ref. 1 . A list of specic staple modications that were made to the original six-helix bundle staples is shown in Table S1 . The modications for each waveguide design are displayed horizontally across the table. The vertical columns represent the helix positions of each staple that required modication, with the exception of the other modications column, while the numbers in the column represent the specic staple column. Only staples that were modied 2 are shown. Blue and green numbers represent the addition of A or B stickyends to the 3' end of the original staples, respectively. Red and purple numbers represent staples that were extended by or shortened by 14 nucleotides, respectively. The staples were shortened on the 5' end while extensions were added to the 3' end. The A and B sticky-end sequences are 5'-ACCAGTGCTCCTACG-3' and 5'-TCTCTACCGCCTACG-3', respectively. The sequences were generated using a genetic algorithm designed to reduce self-complementarity and ensure a low anity between strands.
Nanotube Synthesis
To form the DNA origami nanotubes, M13mp18 DNA scaold strands were folded into the nanotube shape with the addition of 170 or 172 synthetic DNA staple strands, depending on design. The staple stands were added in a 10:1 ratio of staple strands to M13mp18 scaold strands in 1×TAE buer solution with 12 mM MgCl 2 . The mixture was annealed 4 at a constant 95°C for 20 minutes and then cooled at a rate of 1.0°C per ve minutes. The nanotubes were puried using 0.7 -1.0% agarose gels running at 40 volts for four hours.
The gels were prepared using 0.5×TBE buer with 12 mM MgCl 2 . The annealed nanotube mixture was loaded into the gel with a loading buer consisting of 60% type 400 Ficoll solution and 40% bromophenol blue dye (both Sigma Aldrich) in a 1:4 ratio of loading buer to the annealed DNA solution. The gels were stained for 30 minutes using a 1:10000 ratio of SYBR Gold nucleic stain (Invitrogen) to 0.5×TBE buer with 12 mM MgCl 2 solution. The gels were destained for 30 minutes using a solution of 0.5×TBE buer with 12 mM MgCl 2 .
The corresponding nanotube gel bands were cut out, nely chopped, and centrifuged at 4800 rcf for ten minutes at 4°C in a Freeze`N Squeeze spin tube.
For synthesis of the 2xD3 nanorails, equal mole solutions of the two nanotubes were mixed together in 0.5×TBE buer and the nal MgCl 2 concentration was adjusted to 40 mM. The solution was annealed at 45°C for two hours to aid in the hybridization process. Yields of approximately 90% were observed using this method. The nanorail solution was puried using gel electrophoresis, and then AuNPs were attached to the nanotubes in a 5:1 ratio of AuNPs to nanotube binding sites. The sample was puried a second time to remove the unattached AuNPs.
AuNP Conjugation
The AuNPs were conjugated by adding 25 mL of 10 nm colloidal AuNP solution (BBI) to 5 mg of BSPP (Sigma-Aldrich). This step was necessary to stabilize the AuNPs at high concentrations in buer solution containing around 10 mM MgCl 2 . The vial containing the solution was covered in aluminum foil to protect it from light and gently shaken for 48 hours. to the solution, which was allowed to incubate for 30 minutes while it was gently shaken.
Thiolated ssDNA was added to the AuNPs in a 300:1 ratio of thiolated ssDNAs to AuNPs.
This solution was allowed to gently tumble for three days at 23°C.
The conjugation of the gold nanoparticles was tested by adding 1 µL of conjugated AuNPs 
Attachment of AuNPs to Nanotubes
To synthesize waveguide arrays, conjugated AuNPs were hybridized to the nanotubes in a 5:1 ratio of AuNPs per binding site. To prevent site poisoning, the conjugated AuNPs were puried using gel electrophoresis to remove excess unbound DNA strandsbefore adding the AuNPs to the unhybridized nanotubes. The mixture was annealed at 45°C for 41 minutes to expedite the hybridization process. The hybridized nanotubes were puried using agarose gel electrophoresis to remove the excess AuNPs. Freeze`N Squeeze spin tubes were used to 6 extract the waveguides from the gel. After centrifugation, the supernatant was removed and 1×TAE with 12 mM MgCl 2 was added to the red pellet containing the waveguides to reach the desired concentration.
Using gel puried conjugated AuNPs, we typically observed high AuNP to nanotube attachment in excess of 90 percent on well-formed waveguides of all designs. Figure S2 Prior to depositing the waveguide solution the mica surface was freshly cleaved. Care was taken to ensure a entire sheet of mica was removed during the cleaving precess, ensuring that the surface was atomically clean prior to sample deposition. Any fragments of mica on the surface were found to interfere with the optical measurements due to their intense scattering. The waveguide solution was diluted to ∼20 pM with 0.5×TBE buer with 11 mM MgCl 2 to ensure the nal surface concentration of waveguides was optimal for darkeld characterization. 5.0 µL of the diluted waveguide solution was deposited and spread over the mica surface using the pipette tip. The concentration of waveguides was critical to ensure the nal surface density of waveguides was not too high as to cause excess scattering in the darkeld image and not too low, which caused diculty in performing AFM scans.
Low surface concentrations of waveguides, such as ten tubes per 30×30 µm 2 were found to be more desirable for registration of individual waveguides. Following the deposition of the diluted waveguide solution, 10 µL of 1.0×TAE with 10 mM Ni(CH 3 COO) 2 was added to bind the waveguides to the mica surface. This step was found important to evenly distribute waveguides on the mica surface and to reduce the surface charge, which was found to interfere with the AFM scanning. The waveguides were allowed to adsorb onto the mica surface for ve minutes followed by a 5.0 mL water rinse to remove excess salts present in the buer.
The sample was gently dried with nitrogen.
Supporting Information S6
AuNP Enhancement Increasing the scattering cross sections of the AuNPs on the waveguides was necessary to ensure a detectible scattering intensity. The waveguides were enhanced using electroless deposition (Nanoprobes, GoldEnhance Kit). In order to achieve uniform nanoparticle enhancement the decorated nanotubes were enhanced in solution. 5.0 µL GoldEnhance Solution A (enhancer) and 5.0 µL Solution B (activator) were mixed in a 0.5 mL centrifuge tube by vortexing. The solution was allowed to react for ve minutes followed by the addition of 5.0 µL of GoldEnhance Solution C (initiator). The solution was again vortexed and 5.0 µL of the combined GoldEnhance solution was reacted with 5.0 µL of 1.0 nM decorated nanotubes.
This mixture was vortexed and allowed to react overnight at 10°C.
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Supporting Information S7 AFM Characterization
The waveguides described in this paper were imaged using non-contact tapping mode AFM.
Non-contact tapping AFM is a variation of tapping mode AFM that utilizes low amplitude tip oscillations (approximately 1-3 nm) to minimize probe-sample interactions. This is accomplished by tuning the probe to frequencies above the peak resonant frequency (essentially limiting the probe to only experience attractive forces from the sample) and then lowering the drive amplitude to between 6-10 mV. The combination of the low amplitude tip oscillations and attractive forces allows the probe to interact with the surface without directly Figure S7a , shows the collected darkeld image and AFM scans after being scaled and prior to being combined. The combined uncropped image is shown in Figure S7b . The pattern made by the waveguides on the AFM was used to visually align the two images. Once the images were aligned to each other, the selected waveguides were numbered and the individual spectra were collected.
Spectra for the individual waveguides were collected by reducing the spectrometer's slit width to around 30 µm, setting the camera's region of interest so that only the scattered light from the selected waveguide was collected during the scan of 480 to 700 nm. Dierent camera exposure times were used depending on the intensity of the waveguide being characterized.
Unenhanced waveguides required long exposure times up to ve minutes while enhanced waveguides usually required a three minute exposure to ensure a dened spectrum was produced. The combined AFM and darkeld images were combined by the following process:
1) The original 20×20 µm 2 AFM scan was processed in Bruker's NanoScope Analysis software by performing a plane t and then attening the scan; 2) An inverted grayscale image was overlaid on top of the AFM scan with a transparency setting ranging from 40-60% depending the contrast of the darkeld image.
Supporting Information S9 Scattering Spectra from 1xD1 Waveguides
Approximately 20 1xD1 waveguides were independently characterized throughout this study.
The scattering spectra collected from several of the 1xD1 waveguides are shown in Figure S8 .
The combined spectra of the selected waveguides is shown in Figure S8e . The combined AFM and darkeld image is shown in Figure S8f with a schematic of the waveguide design shown
Scattering Spectra from 1xD2 Waveguides
The 1xD2 waveguide doubled the number of AuNP dimers from the 1xD1 waveguide to ten sets. The additional sets of dimers increased the scattering signal making the collection of well dened spectra possible without AuNP enhancement. However, well dened spectra were easier to obtain when the AuNPs were enhanced. The individual far-eld scattering spectra, combined far-eld spectra, and combined AFM and darkeld image from 1xD2
waveguides are shown in Figure S9 . The scattering spectra from the 1xD2 waveguides were generally well dened due to the stronger scattering signal as a result of doubling the number of dimers in the waveguide design and due to the AuNP enhancement of the waveguides, which increases the scattering cross section of the AuNPs. While some variations in the spectral proles still existed as can been seen in Figure S9e , the proles of the independently collected spectra are similar to each other as can been observed in Figure S9h Polarized Far-eld Scattering Spectra from Single Nanotube Waveguides Polarized far-eld scattering spectra were collected from the 1xD1 and 1xD2 waveguides;
however, the polarization dependency of the waveguides' scattering was poorly dened due to the non-linearity and misalignment of the individual dimer sets. Polarization dependent scattering spectra collected from the 1xD1 and 1xD2 waveguides are shown in Figure S11a and S11b, respectively. AFM images of the characterized waveguides are shown to the left of the respective spectra. Black lines have been added to the AFM images to show the deviations in orientation between dimer sets on the individual waveguide structures. 
